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Abstract - Image scaling is one of the most widely used methods in image processing applications and deals with the
resizing of an image. Image scaling deals with the trade-off between efficiency, sharpness and smoothness. So this paper
presents a low complexity, low memory requirement, high quality image after scaling by using an efficient edge enhanced
algorithm. The proposed algorithm consists of a sharpening filter, bilinear interpolation and an edge detector. Sharpening
filter is used to reduce the blurred images and sobel operator is used as edge detector to identify the edges and to reduce
the noise effects in an image. And a simplified bilinear interpolation technique is used to reduce silicon cost.
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I. INTRODUCTION

Image scaling is a very important technique and is widely used in image processing applications. Image scaling is all about
resizing of a digital image. Scaling deals with the trade off between efficiency, sharpness and smoothness. Image scaling is a non-
trivial process. Scaling reduces or enlarges the size of the image by changing the number of pixels. Increasing the size of an
image is called upsampling and reducing the size of an image is called downsampling.

Image scaling is used in computer graphics, digital image devices and video applications, as the use of these applications grow up,
significance of image scaling becomes more outstanding.

Scaling up an image is generally done to enlarge the image, so as to make the smaller images fit into full screen mode. And
scaling down is done to shrink the image, so as to make the image fit into small size LCD panel. A number of image scaling
algorithms have been proposed, the most popularly used methods are nearest neighbour algorithm, bilinear interpolation
algorithm and bicubic interpolation algorithm.

The image scaling algorithms are divided into two types: Polynomial and non-polynomial based method. Nearest neighbour
algorithm is a polynomial based method. Scaling using bilinear and bicubic interpolation algorithms are the other polynomial
based method. These methods can be easily implemented in hardware but results in blocking and blurring effects. Other non-
polynomial based methods have been proposed, these methods improve the quality of image by using some of the efficient
techniques such as bilinear filter, curvature interpolation. These methods improve the image quality while reducing the blocking
and blurring effects. These methods provide a high quality image but have high complexity and high memory requirements.

11.PROPOSED SCALING ALGORITHM

In image scaling or resizing of an image, the sharpening filter is used to reduce the blurring effects. The edge detector is used to
detect sharp discontinuities in an image. A register bank is used in this project in order to store the gray scale values of images.
And bilinear interpolation method is used for image zooming. The gray scale image values are given to the memory bank, Fig 1.
Shows the block diagram of the proposed scaling algorithm.

The image is first given in MATLAB, which performs image to text conversion. This code is then given as an input to Xilinx. So
the sharpening filter increases the edge content. Since the edges enclose the shape information of an image, it is necessary to
enhance the edges. The edge detector identifies horizontal and vertical gradient and then the gradients are added to form edges.
The multiplexer provides the input to the bilinear interpolator depending on the values of sharpening filter, memory bank and
edge detector. The bilinear interpolation results in blurred images which are then reduced by prefiltering it using sharpening filter.
The bilinear interpolation performs scaling of an image. Finally the output image is obtained.
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Fig 1: Block diagram of the proposed scalar algorithm

A. Sharpening Filter

Sharpening is an enhancement technique that highlights the edges , line structures and other fine details in an image Sharpening of
an image consists of adding a signal to the original image , the signal that is added is proportional to high pass filter version of
original image. The original image is first filtered out by high pass filter, and then the output of high pass filter is added to the
original image, which thus results in a sharpened image. The choice of high pass filter is one of the key factor in sharpening
process. High pass filter amplifies noise and makes the image sharper. The filters that are used for sharpening process, changes
the pixel value by considering the values of neighbouring pixels.

Laplacian filter is an example of second order derivative method. Sharp discontinuity in the image such as noise will be enhanced
by using this operator.

Laplacian highlights sharp discontinuities and in the output image the grey line represents the edges in an image with a
black background. The laplacian operator is given by the convolution between the image and a kernel. The filtered image is added
with the original image to obtain the sharpened image. Laplacian filter is a form of isotropic filter, i.e, the rotation of the filter is
invariant

Laplacian kernel invariant to 90° rotation:

0 1 0
1 -4 1
0 1 0

Laplacian kernel invariant to 45° rotation:

1 1 1
1 -8 1
1 1 1

For 1D, the second order derivative is given by

d2
d—x};=f(x+1)+f(x—1)—2f(X) M
dZ
d—y}: = foy +1) = 2f (6, y) + f(x,y — 1) )

The second order derivative have stronger response and are good for finding fine details in an image and are used for image

enhancement. The second order derivative is more sensitive to intensity variation and the derivative depends upon the direction

along which it is evaluated.

Adding both the equations, (1) & (2) we get
d*f d?

vy = L+ L

dx2 T dy? ®)

IJEDR1502146 International Journal of Engineering Development and Research (www.ijedr.org) 817




© 2015 IJEDR | Volume 3, Issue 2 | ISSN: 2321-9939

sz(x!:)}) Ef(x + 1,3’) +f(x - 1'3’) +f(x')’+ 1) +f(xvy_ 1) _4f(x,)’) (4)

Many of the filtering operations or image processing operations are modelled as linear system. Convolution filter is a kind of
linear filter which uses linear combination to enhance the image. The convolution kernel is a matrix of weights, which takes two
functions, w and f, and produces a third function, g . It takes the weighted sum of neighbouring pixels of an image as input and
obtains the output pixel value. The third function, i.e, the output represents the amount of overlap between the functions inverted
mask, w andf. The filtered image is a convolution given by,

960 y) = wlij) * f0.) (5)
k

e e syt )

9Gx,) ;kzz_kwo P * G+ Ly +)) ()

Each of the neighbourhood pixel is multiplied by the weight and then we add them together to obtain the output.
P'(m,n) = [wim,n).P(m,n) + wim+ 1,n).P(m+ 1,n) + wim,n—1).P(m,n— 1) + wim,n+ 1).P(m,n + 1)
+w(im—1,n).P(m—1,n)]/[wimn) +wim+1,n) +wimn—-1)+w(in,n+1)
+w(m—1,n)] @)

Where, w is the weight of neighbourhood input pixel, w is rotated by 180° to form inverted mask. And P is input pixel.

B. Edge Detector

Edges usually represent object boundaries or edges are discontinuities in image with strong intensity contrast, where the pixel
value changes abruptly. Edges are always important characteristics of an image. In order to emphasise more on edges in an image
then some weights in the filter has to be negative. For the difference in the input pixel values, sum of sets of weights tends to
produce zero output.

The sobel operator uses two 3x3 kernels, one kernel calculates the gradient in x- direction (horizontal) and other gradient in y-
direction (vertical). The two kernels used are 0 deg and 90 deg convolution kernel. Each of these kernels is convolved with the
original image and calculates the gradient at each point and then increases the image intensity at each point. The two kernels are

1 0 1
gx = 2 0 2 &
1 0 1
1 2 1
gy = 0 0 0
a1 -2

Sobel operator is?agnitude of gradient given by
M= ’gxz +gy2 3

.gx(x'Y) =_f(x_1'}’_1)_2f(x_1r3’)_f(x_1ry+1)+f(x+1'y_1)+2f(x+1'3’)
+flx+1,y+1) 9

Iy,y)=—flx—-Ly-1D)-2f—flx+Ly-1D + fx—Ly+D+2f(x,y+1)
+flx+1L,y+1) (10)

C.Bilinear Interpolation

Bilinear interpolation method is an extension of linear interpolation. This method is opted because of its high quality and low
complexity. This interpolation method, firstly it performs linear interpolation in one direction (horizontal) and then in another
direction (vertical). In this method the weighted average of the nearest four pixel values is taken as input and then determines the
intensity and provides an output.

The output pixel P(k, 1) is calculated by performing linear interpolation operation in both x and y direction. Both dx and dy are
scaled parameters in horizontal and vertical directions and both of which can be specified by the user.

As shown in the below figure, a block is shown with four input pixels
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dx
P(mﬂ)/_/\_]:‘)(_l;n) P(m+1,n)
L L

dy

P'k.1)

& L 4 L ]
P(m.n+1) P(k.nt+1) P(m+1.n+1)
Fig 2: Bilinear interpolation
where M is the width of the original image and N is the height .The temporary pixel values is calculated in x direction.
P(k,n) = (1 —dx)P(m,n) + dx P(m + 1,n) 11D
Pk,n+ 1) =0 —-dx)P(m,n+1)+dxP(m+1,n+1) (12)

The output pixel value is obtained by performing linear interpolation in y direction. The output pixel P’(k, ) is obtained by
P'(k,)) = (1 —dy)P(k,n)+ dyP(k,n+1) (13)
The output pixel can be calculated by taking both horizontal and vertical interpolations and obtained by only one stage as,

P'(k,1) =1 —dx)(1 —dy)P(m,n) + (1 —dx)dy P(m,n+ 1) + dx(1 — dy)P(m + 1,n)
+dxdyP(m+1,n+1) (14)

dx and dy are zooming ratios in horizontal and vertical directions. It is selected because of its computational efficiency and
quantitative stability. Because of its simple architecture and less complexity, it is efficient for VLSI implementation.

The computing resources of this interpolation method costs eight multiply, four subtract and three addition operations. So eight
multipliers and seven adders are required for its implementation.

In order to reduce the cost of computing resources algebraic manipulation and a hardware sharing technique is used.
In order to reduce the hardware cost or the silicon cost we are using a hardware sharing technique and also to reduce the delay
path. The architecture of the bilinear interpolation is shown below

Stage 4 Stage 5 - Staged Stage 7 Stage §

Pim+1n+1) —»

Plm+1n+l) —»=

P(m+1lntl) —w

P{m+1.n+2)—»

Plm.n+2) —»

PFlm.n+2) —»

Plm.n+1) —

Plmntl) —»

Fig 3: Architecture of Bilinear Interpolation

The above figure, from stage 3 to stage 8 represents the bilinear interpolation architecture. It uses six stage pipeline architecture
and a two stage pipelined multiplier to reduce the delay path. The input values to the multiplexer are provided by the memory
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bank and the sharp filter and the edge detector provides a control signal to the multiplexer. The multiplexer then selects the
filtered value from the filter or the memory bank as input to the bilinear interpolation.

Pc(k,l) = (1 —dx)(1 —dy)Pb(m,n) + dx(1 — dy)Pb(m + 1,n) + (1 — dx)dy.Pb(m,n + 1)
+dx.dy.Pb(m+1,n+1) (15)

=dx[-(1 —dy)Pb(m,n) + (1 —dy)Pb(m + 1,n) + dy(—Pb(m,n+ 1) + Pb(m + 1,n + 1)] + (1 — dy)Pb(m, n)
+dy.Pb(m,n+1) (16)

=dx{dy[Pb(m+1,n+ 1) — Pb(m,n+ 1) — Pb(m + 1,n)Pb(m,n)] + Pb(m + 1,n) — Pb(m,n)}
+ dy[Pb(m,n+ 1) — Pb(m,n)] + Pb(m, n) 7

=dx{dy[Pb(m+ 1,n+ 1) — Pb(m + 1,n)] + Pb(m + 1,n) — dy(Pb(m,n + 1) — Pb(m,n) + Pb(m,n)}
+ dy(Pb(m,n + 1) — Pb(m,n) + Pb(m, n) (18)

The output obtained from bilinear interpolation, i.e, egn (15) can be simplified by algebraic manipulation. The equation (15)
contains dy. Pb(m,n + 1) — Pb(imm, n) twice, so one of the calculation function can be reduced. So by addition of three registers
the function dy.Pb(m,n+ 1) — Pb(m,n) can be reduced by the hardware sharing technique. The calculation function is
replaced; i.e, one multiplexer and two adders are reduced. Since the values of dx & dy are floating point numbers from 0 to 1 and
the pixel values are integer from 0 to 255. To reduce the computation cost, low cost integer calculation is done. Firstly, we shift
dx & dy left by 8bits, so that the values of dx & dy are multiplied by 256. After this multiplication the highest 8bits obtained
are approximated integer values of equation. The target result Pc(k, 1) is computed by low cost integer addition, subtraction and
multiplication. So by this approximation technique the floating point computation is replaced by integer computation.

Edg e Adaptive Edge Control
Detector
P(m,, n) P(ﬂ], ntl), | Pb(m, ) Pbcnﬂ, )
La
P, 1)y Poim, w1)
Sharpening [ms:? e 1 i
P(m—l,n+1)a P(m, n+l) L S pt' l 2 Bilinear Pc
Pimtv1)y Pmezan) Py o P N Interpolation |~
P10y P, mps Filter i ) » \Pb[m-l, ) Phims1, SN
P(m+1,1|)a P(m+l,n) (mtL, n)s ﬂll'l+l,ll+1): )

Fig 4: Block diagram of the edge enhanced scaling algorithm

HLSIMULATION RESULTS

The MATLAB tool is used to evaluate the performance of the prposed scalar architecture. Xilinix ISE tool is used for synthesis of
the design and SPARTEN 3E is used for FPGA implementation.

Image output after scaling up of image:

The experimental results for scaling up of image in MATLAB are shown in the below figure.

Fig 5:(a)Shows input image & (b) Shows output image & fig (c) shows the simulation waveform
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Fig 5(c): Fig shows simulation waveform
6. Image output after scaling down of image:
The experimental results for scaling down of image in MATLAB are shown in below figure.
Fig (a) Shows input image ,Fig (b) Shows output image & fig (c) shows the simulation waveform
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Fig 6(c): Fig shows simulation waveform
IV.CONCLUSION
In this paper a low cost, low memory requirement, low complexity , high quality and high performance scalar architecture is
proposed..In this paper a convolution filter and sobel operator are introduced to reduce blurred images and the presence of noise
in image is also reduced to some extent. And hardware sharing technique for bilinear interpolation is used in order to reduce the
silicon cost. The design was simulated by using the simulator Modelsim SE 6.3f and synthesised using Xilinx ISE 12.2.
MATLAB tool is used to obtain the output image.
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